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Abstract: Since 1994, CIEMAT has been involved in several research activities regarding
the integration of renewable energy sources (RES) as well as resource assessment based on
Geographic Information Technologies. One of the first projects was SOLARGIS which
aimed to demonstrate the viability of applying GIS to the RES integration in rural
electrification programs. This research line has been improved since then, through the
permanent actualization and update of the methodology. In this sense, the collaboration
with UPM (Polytechnic University of Madrid) has been decisive. Nowadays, CIEMAT GIS
team is applying this methodology to Latin America countries like Cuba or Colombia, in
the general framework of Renewable Energy Integration GIS Project (INTI-GIS). In
addition to GIS application for rural electrification research line, our team has also
accomplished resource assessments and siting studies for distributed electrical generation
based on RES. On this topic, CIEMAT has developed several projects like MERSOTERM,
SOLBIO and others related to biomass or wind resource assessment. Finally, in order to
promote RES, our team has collaborated in the accomplishment of projects aimed to define
a feasible technology mix based on renewables, like SIGER project, or Decision Support
Systems (DSS) supporting the decision-making for a sustainable development based on
high penetration of RES in Latin-American countries like Colombia. According to our
experience, we strongly believe that GIS technology constitutes a powerful tool in order to
promote and integrate renewable energy sources in the path of a new energy international
model more respectful with the environment and also with the sustainable development of
the society.
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1.

INTRODUCTION

Renewable energy sources (RES) are characterised by its strong temporal and spatial
variability, in contrast with the distribution of the so-called fossil fuels. This fact makes it
possible to find at least one local source of green energy in almost every location. This
advantage of the RES, compared to the conventional sources, has also the disadvantage of
making the harvesting system a bit more complex than the one using conventional fuels
characterised by the specific distribution of supply and demand, with a concentrated
generation model and huge consumption points situated far away from resources and power
generation.
The typical heterogeneous spatial distribution of RES makes them appropriate and near to
demand sources of energy in terms of electricity production applied to rural electrification
or distributed generation.
The variability and complexity of supply and demand system based on RES makes
powerful tools like GIS very adequate. There are numerous references in the past and
current bibliography that defend and prove this fact.
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The first approach to the state of the art related to those issues makes us think in a three
group classification: decision support systems (DSS), distributed electricity generation
based on RES and decentralised applications in rural electrification projects [Dominguez,
J., et al., 2007]. The first one, DSS, relays on the implementation of a regional database that
supports the energy planning. The distributed generation systems (DG) focus on the
definition of the best sites depending, among others, on the resource availability and
distance to the grid. Finally, the rural electrification projects concentrate on the localisation
and characterisation of the potential demand becoming therefore a bit more complex from a
methodological point of view.
Although it covers all the possible research cases, this classification could seem artificial
since most of the projects combine aspects from two or three of the formerly mentioned
groups. To sum up, it should be emphasised the diversity found in applications and
technologies as well as the world wide research studies located along the five continents. In
Spain, there are leading groups thanks to its international applications. It is highly advisable
to support the international collaboration by means of the creation of research network and
technology transfer specialised on this issues.
Next, we will describe several research activities of CIEMAT GIS team in the area of rural
electrification, distributed generation and support to RES promotion.

2.
GIS AND RURAL ELECTRIFICATION.
METHODOLOGY AND EVOLUTION

SOLARGIS

MODEL

One of the first projects where CIEMAT used Geographical Information Systems (GIS) as
the main analysis tool was SOLARGIS [Solargis-Team, 1996]. The mayor goal of
SOLARGIS project, titled Integration of renewable energies for decentralized electricity
production in regions of EEC and developing countries, was the demonstration of GIS
viability in contributing to the RES integration in rural electrification programs.
This research line has been improved since then through the permanent actualization and
revision of the methodology and software (developed originally with ARCINFOTM). The
collaboration established with UPM (Polytechnic University of Madrid) stood the
framework for a significant improvement. [Amador, J., et al., 2005] The objective was to
minimise and/or control the uncertainties through the in depth study of the technical and
economic parameters involved, focusing on load treatment, results control and interface
design. Special mention needs to be paid to the spatial sensitivity analysis implemented to
check the stability of the results [Amador, J., et al., 2006].

Figure 1. SOLARGIS model evolution.
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Nowadays, CIEMAT GIS team keeps on working in the development of SOLARGIS
concepts in the framework of INTI-GIS Project. This conception includes new advances in
methodological questions as well as the incorporation of new renewable technologies and
the application to new areas and, specially, to Latin America countries like Cuba [Pinedo
Pascua, I., et al., 2007] or Colombia and working hardly in the adaptation of the software to
the new ARCGISTM concept.
As it can be noticed in Figure 1, the SOLARGIS model has changed drastically since the
first version developed within JOULE frame to the version implemented by CIEMATUPM collaboration. In the first case, some constrains were imposed to the regional data
base using GIS. These constrains were mainly based on the capacity index, which was
defined on the basis of a technical and environmental assessment. Using the tools available
within the GIS environment and according to the established rules, High Potential Areas
were highlighted. Later and focusing on these areas, both the regional potential and
integration studies were performed at a local scale. The local scale studies were not
elaborated within JOULE program but were developed by the different participants.
Regarding the CIEMAT-UPM SOLARGIS model (Figure 1, right), the demand
characterisation becomes the fundamental axis and the methodology is fully implemented
in a GIS environment. The output of the model is the definition of the most competitive
technology in each location.
This new conception of the model was applied to Lorca municipality (Murcia, Spain), in
which the number of isolated houses from national grid were numerous. There were also
previous assessment studies about wind and solar resources made by CIEMAT.
Besides the definition of a new methodological structure, the result of the project (Figure 2)
showed the spatial distribution of the most competitive technologies (PV, wind, connection
to existing grid, individual and central diesel).
One of the most relevant aspects of this project was the development of a spatial sensitivity
analysis methodology based on three stages. The first one included the determination of the
main influencing parameters by a sensitivity analysis of each technology LEC values. The
second one was the spatial sensitivity analysis of the potential of the studied area in respect
to the parameters found in the previous stage, selecting the most significant variables in the
distribution of the rural
electrification potential.
Finally, the third one
was the study of the
spatial behaviour of the
variables of the previous
stage
in order to
determine
the
‘‘stability’’
of
the
obtained result.
Although
the
improvements in the
methodology have been
really important since
the first version, we
would like to point out
some aspects that could
help in updating it. First
of all, the method needs
Figure 2. Application to Lorca. Best System.
to adopt the new sources
of geographical information, making the application accessible and useful for a wider and
wider range of potential users. This would involve not only using some of the data sources
available through Internet but also the development of an application based on those
principles.
Secondly, the application should be more dynamic and easily adaptable to other
geographical environments. In order to reach this goal, we are working on the
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simplification of the required parameters and also trying to provide the application with
more dynamism, in terms of including new technologies by means of making the
application to be able to read and incorporate other applications output like HOMER or
RETScreen.
Finally, we would like to conclude this section presenting the recent application of our
model to a rural electrification study in a Cuban municipality. The aim of this study was to
define which technology is the most appropriate to be adopted by particular group of unelectrified communities, consistently with the main objectives of SOLARGIS methodology,
but also to adjust the whole process to the particularities of the Cuban context.
In this study, several technology systems capable of meeting the existing demand were
compared at regional scale: individual systems to electrify single households (PV and
diesel) and central systems to electrify communities (diesel and connection to the existing
grid). Not only economic data is taken into account. Distance to the existing grid, electricity
demand, solar radiation, and technical parameters are also required by the application. In
order to assess the distance, information from GTOPO30 DEM and MV digitalized
network were used. The slope was calculated and used as a cost layer in order to
approximate the results to real distance. The rural load per household was defined in earlier
studies [Shiota, A., 2002] on the basis of interviews to the inhabitants of already electrified
communities. Considering number of appliances, power consumption and ratio of use, the
average consumption per household was obtained. The global annual solar irradiation data
was obtained from SWERA project, freely available from their webpage [SWERA-Project].
These data provide monthly and annual average daily total solar resource expressed in
terms of kW/m2 per day for each month with a resolution of 10 by 10 km on a flat surface
(see Figure 3). The solar data in tilted surface was calculated through a routine
implemented in MATLAB.

Figure 3. Solar energy values based on SWERA project.
The values obtained show a very high potential of remote sites to be electrified by means of
photovoltaic systems. In more than 90% of the considered communities individual
photovoltaic systems represents the most competitive way of electrifying the households.
The next steps of our GIS team at CIEMAT are related to the current project we are
developing in Colombia, as well as updating the application to the new version of ARCGIS
9.2 and working on a user manual.

3.
GIS AND ELECTRICITY
RENEWABLE ENERGIES

DISTRIBUTED

GENERATION

WITH

In addition to GIS application for rural electrification research line, CIEMAT GIS team has
also accomplished resource assessments and siting studies for distributed electricity
generation based on RES and also several projects analysing the possibilities of a high
penetration RES technology mix in Spain (SIGER) or Decision Support Systems (DSS)
assisting the decision-making for a sustainable development in Latin-American countries
like Colombia. This section focuses on this type of studies, presenting firstly
MERSOTERM and SOLBIO [Domínguez, J., et al., 2000], as examples of project for
distributed generation with renewables, and later the SIGER project [Dominguez Bravo, J.,
et al., 2007], which focuses on the definition of a feasible technology mix based on
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renewables. The DSS for a sustainable development in Colombia is described in another
contribution made to this congress.
The MERSOTERM project, “Solar Thermal Electricity generation market with Tower
technology. Application to Spain”, was commissioned by INABENSA. The study was
based on the most recent viability studies about Concentrating Solar Power (CSP) Tower
technology deployment in several sites, analyzing the different market possibilities that
could arise and the areas with higher potential. It also included a GIS analysis of Spanish
case with a proposed solar power tower plant design. The project aimed firstly to spread
information about this technology and its potential by solar resource availability and
development, which finds ideal conditions in Spanish territory, and secondly to support the
deployment of a demonstrative CSP tower plant which would prove the viability of this
technology and would became the starting point of the explosion of the CSP market in the
solar-belt countries [CIEMAT, 1997].
In order to evaluate the geographical potential in Spanish sites and express it in terms of
generated electricity cost, five variables were used (Table 1). These variables were related
to infrastructures and also to all the resources required by the technology.
Table 1. MERSOTERM, original variables.
Variable
Distance to roads
Distance to water stream
Distance to Transport
Electric Network
Slopes

Value
< 10 km
< 10 km
< 10 km

Analysis
Buffer
Buffer
Buffer

< 4%

Generation cost by kWh

< 18c€/kWh

MDT SLOPE
RECLASIFY
RASTER to VECTOR
HELIOSAT

Information Source
IGN-BCN 1000
IGN-BCN 1000
REE- Peninsular
Electric System Map
IGN-MDT 1000

METEOSAT

The obtained results showed two appropriate localization areas: Southwest of Spain (with
lower costs along Guadalquivir Valley) and Southeast, characterised by less homogenous
spatial continuity although some individual sites obtained more potential than in the
previous case (higher radiation values lead to cheaper costs per kWh). Nevertheless it
should be mentioned that the precision gave by the working scale it is not enough to define
the local production accurately and therefore, the data on the following maps should just be
understood as zone references.

Figure 4. MERSOTERM: first potential areas for Solar Tower technology in Spain.
Based on the conclusions obtained in MERSOTERM project, SOLBIO project aimed to
assess the possibilities of installing a solar/biomass Hybrid CSP adding a 300,000
MWh/year biomass plant to the previously proposed CSP design. The analysis extend was
reduced to Andalusia autonomous community since the best sites for CSP deployment were
mainly found there.
The main source for the analysis was the data provided by the Institute of Statistics of
Andalusia about “Agrarian surface according to its land use”, at municipal scale and
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expressed in Hectares. All the areas dedicated to grass crops, olive grove, vineyard, fruit
trees and forestry were included in the study.
The methodology had the following steps:
1. Geographic Database creation, including surface data per municipality and land use.
2. Biomass waste evaluation according to biomass type.
3. Energy power calculation at municipal scale.
4.
Neighbourhood analysis to evaluate the areas with higher biomass energy use
potential.
The SOLBIO Project results (Figure 5) show that the areas with higher productivity
potential are located in the Guadalquivir Valley and in the Betic System, although the
region as a whole enjoys
important presence of local
resources.
A zonal analysis, constrained by
the availability of biomass
within 25km from the plant site
and a power generation ceiling
of 300,000 MWh/year, proves
that most of the studied territory
is viable for the installation of
Hybrid solar-biomass in terms of
resource availability.
In order to optimise and update
and the results of this project, it
would be necessary to revise
available area in Andalucía.
cultivation area surface and to
check the uncertainty associated to the used data sources.
Figure

5.

Biomass

Potential

Generation

Another project with special relevance for our work was SIGER, “Technical analysis of the
introduction of high percentage of renewable energies in Spanish electrical generation
system”. Greenpeace commissioned Technology Research Institute at the Pontificia
Comillas University to carry out a study to assess ceilings for the potential and generation
of renewable technologies in Spain. CIEMAT assumed the responsibility of accomplishing
the required spatial analysis, using GIS as the main tool, which linked to the technical
analysis the specific constrictions imposed by territory (natural and anthropogenic) and not
just designed to cover a certain demand. Therefore, GIS spatial analysis took into account
local conditions producing a more accurate assessment than evaluations made upon
‘‘virtual’’ electrical spaces [García Casals, X., et al., 2007].
A scenario for 2050 in Spanish peninsula was taken into account in order to set the energy
demand and give some percentages of the demand that could be covered by renewable
energy technologies. It should be remarked that a conservative approach was taken in terms
of technology, which implies that technological improvements would lead to even higher
generation ceilings than the estimations presented.
GIS was used to add the spatial dimension to the analysis. GIS tools were used firstly, to
analyse spatial distribution of renewable energy resources; secondly, to impose spatial
restrictions related to land suitability (land use, slope, potential productivity, etc.); and
thirdly, to calculate capacity and generation ceilings based on available sites.
The results were both cartographical (see Figure 6) and numerical, used to estimate
capacity and generation ceilings of renewable energy technologies according to prospected
Spanish conditions in 2050. The estimated ceilings show far greater renewable potential
than the targets set by long term policies. The approach could be applied in other countries
or regions to assess the maximum contribution that RES could have in a more sustainable
generation mix. This type of studies would help not only supporters of increasing
renewable energies participation in national generation mixes, but also governments to set
development targets more adapted to renewables potential. In the case of Spanish
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peninsular, a 100% renewable generation mix would be viable to meet total energy
demands projected for 2050.

Figure 6. Suitable areas for CSP, energy crops and wind farms over complex terrain.
Next, we present the evolution lines of our research topic and scheduled studies in short
term and for the near future.

4.

EVOLUTION LINES

The evolution of this investigation field can be analyzed considering three aspects: the
evolution of GIS, the development of renewable energy technologies and the integration of
models and systems.
Considering the state of the art, we can guess that the evolution of the GIS application to
the renewable energy integration will be oriented to a bigger integration and specialization
in technologies as much as in data sources. Also, the combination of these aspects with the
technological evolution of the GIS implies, in our opinion, that there will be an increasing
interest on transferring the knowledge and results of this type of projects to the society (like
SWERA or PV-GIS). In order to succeed, the application of space data infrastructures
(SDI) and the use of the data obtained from remote sensors are immediate requisites that
mark clearly the evolution from the perspective of the innovation of the geographical
information technologies (GIT).
Regarding the integration of technologies for the use of RES, the challenge is related firstly
to the widespread consideration of the aspects not directly linked to the electricity
generation process; secondly to the integration of multiple sources and the design of an
energy mix; thirdly to the characterization of new systems and, lastly, to the RES
evaluation and prediction based on multiple sources of information. Besides, it should not
be forgotten the current improvements of the PV, CSP, offshore wind and biofuels
technologies, associated not only to the resources but also to the transformation and
distribution processes.
The integration of models and technologies based on the use of GIS as the main tool,
allows to combine several elements related to the energy production process such as life
cycle analyses, environmental impacts assessments, prediction and impact on the grid,
etc… supporting more complex and complete analysis integrating offer-demand scenarios,
technological and environmental aspects.
To sum up, the evolution of this multidisciplinary topic will be influenced by different
aspects such as: the diffusion of results through SDIs; the resource assessment based on
remote sensing technology; the integration of different sources of GIS data; the
development of innovative tools from functional and methodological perspectives; the
increasing viability of transferring the generated knowledge to the industry and decision
agents; the collaboration and research net creation; the integration of RES in applications
like heat-cold production, transport and water desalination; etc. There is no doubt about the
good prospects of this research field, which also demands from all of us constant upgrade
and the necessity of establishing collaborations with multidisciplinary teams in order to
reinforce the cross-cutting approach.
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5.

CONCLUSION

Along this paper, we have tried to synthesize the main arguments that encourage us to keep
on working and investing on this research line, which also proves our concern about
climate change and our commitment in the support of renewable energies. The geographical
specificity of renewable energies has been explained, justifying the necessity of using a
multidisciplinary and integrating approach. Both reasons support the use of GIS.
The work with this type of tools should be considered as the laboratory where the
researcher approaches the challenge from a territorial perspective, considering all the agents
involved in the energy system. Moreover, GIS should act more prominently in the postprocess stage, encouraging its capabilities in the field of technology and knowledge-transfer
to the society and decision support.
That is the reason why the integration concept should be driving the planning process. In
order to this planning process to succeed, it is necessary to consider the difficulties that
would be faced which are basically related to the reliance on the sources of information
(which could be reinforce through the encouragement of metadata and SDIs creation) and
on the application itself (which could be increased by a proper analysis of the problem, the
selection of the appropriate tools and an accurate sensibility analysis of the results).
As a conclusion, it must be stated that the use of geographical information technologies
applied to renewable energies regional integration could and must be encouraged. This
support will clearly contribute to the creation of leading groups with high technological
potential and to the promotion of RES through an in depth knowledge of the regional
reality.
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